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ABSTRACT 

This booklet describes the assessment objectives of 
the sixth national assessment of science by the National Assessment 
of Educational Progress (NAEP) . Chapters included are: (1) 
"Introduction" (describing the development process for the objectives 
and the purpose and elements of school science); (2) "The Assessment 
Framework" (discussing major categories and related aspects of the 
framework, and weightings for questions); (3) "The Nature of Science" 
(classifying the nature of scientific processes, values and 
principles, and scientific knowledge); (4) "Thinking Skills" (dealing 
with knowing science, solving problems, and conducting inquiries); 
(5) "Science Content Areas" (including life sciences, physical 
science, and earth and space sciences); and (6) "Background 
Variables." Participants in the development process are listed. 
Sample items representing cells of the framework are provided as 
examples of class-if ications and item formats to be included in the 
assessment. (YP) 
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Chapter 
one 

Introduction 

Development Process 
for the Assessment Objectives 

n 1989-90, the National Assessment of 
Educational Progress (NAEP), the 
Nation's Report Card, will undertake the 
sixth national assessment of science. 
Since 1969. NAEP has provided periodic 
"report cards" to the nation, collecting and interpret- 
ing information on students" knowledge, skills, and 
attitudes in most subjects in the school curriculum. 
In addition to science, these subjects have included 
reading, writing, literature, music, art. mathematics, 
computer competence, history, civics, and geography. 
Previous assessments in science were conducted 
during the school years ending in 1970. 1973. 1977. 
1982. and 1986: thus the 1990 assessment of stu- 
dents at grades 4. 8. and 12 and at ages 9. 13. and 
1 7 will provide a view oi science achievement that 
spans 20 years. 5 

Planning for the 1990 national assessment of 
science began at a time of significant public concern 
over the quality of elementary and second-try science 
education in the United States. A number of studies 
released in the 1980s have criticized the inadequate 
knowledge and performance of U.S. students in the 

Sit)(< ]<)(><> NAM'Imh .iss< ss< (i s(ud( nls ,j| ut»< > 'f H and 17 In l 1 )** 
HA tin pmjf (l brj»an s.nnplinu sJutl< nls h\ i»i,k|« <is \u 11 is in 

5 y 




subject and urged wide -ranging cduc ational reforms. 
Science Achievement in 1 7 Countries, the preliminary 
report of the Sec ond International Science Study, 
indicates that U.S. students at the middle- and sec- 
ondary-school levels perform poorly in science com- 
pared with their peers abroad. The report concludes 
that several countries, including the U.S.. "must be 
concerned about the scientific literacy of their general 
work force unless they remedy the situation through 
training programs or ocational education at a later 
stage." 2 

Educating Americans for tlie 21st Century states. 
"We must return to the basics, but the 'basics' of the 
21st century are not only reading, writing, and arith- 
metic. They include communication and higher 
problem-solving skills, and scientific and technologi- 
cal literacy — the thinking tools that allow us to 
understand the technological world around us.' M 

The first NAEP science objectives, formulated in 
1965. stated that the major purpose of science 
education is to develop scientifically literate individu- 
als. In each successive science assessment, this 
underlying premise has been preserved, guiding the 
development of revised objectives that take into 
consideration recent developments and new empha- 
ses in the domain. The NAEP science assessments 
measure the extent to which students have the 
scientific knowledge and skills thought by NAEP 
consultants and reviewers to be needed in contempo- 
rary life and work. 



I'jlt i j Ml lot ui\ Assnt i.itio.i lot iln Lt. ilu.il inn of i thu <ilioii<il A« !n< w im lit 
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As with other subjects and other assessment 
years. NAEFs objectives for the 1990 science 
assessment are the result of a consensus 
process involving many individuals, ranging from 
science educators and specialists to members of the 
lay public. The Assessment Development Panel (see 
page 42 for a list of participants) began the objectives 
development process by revising the framework from 
the previous assessment and preparing an initial set 
of science objectives. The draft objectives were then 
reviewed by the Item Development Panel and by 
external consultants from across the country, i-epre- 
senting various interests and concerns. The Item 
Development Panel, a committee of science educa- 
tors, administrators, and researchers, was estab- 
lished to develop items for the 1990 assessment 
using the framework provided in these objectives (see 
page 43 for a list of participants). Among the review- 
ers for the 1990 objectives were teachers, school 
science coordinators, scientists, school administra- 
tors, state science supervisors, and members of the 
Assessment Policy Committee. NAEFs governing 
board. The Science Assessment Development Panel 
remained involved throughout the review and revision 
process. 

The objectives presented here do not reflect the 
views of every individual who participated in the 
development eifort nor are they intended as a com- 
plete or definitive specification of curriculum stan- 
dards; rather, they represent a consensus of the 
views and concerns of the Assessment Development 
Panel, Item Development Panel, and external review- 
ers, offering an overview of learning outcomes and a 
framework to guide the development oi assessment 
questions. 
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The Purposes and Elements 
of School Science 



Science educators generally agree that the primary 
purpose of school science is to cultivate scientific 
literacy; however, there is far less agreement as to 
what constitutes scientific literacy or how such a 
definition might be used to guide the development of 
meaningful curriculum and instruction At the very 
least, there appears to be a consensus among educa- 
tors that school science should help students acquire 
the knowledge, skills, and understandings necessary 
to fulfill their human, social, and economic responsi- 
bilities. 4 

According to the interactive model presented in 
Figure 1. scientific habits of mind serve as a filter 
between the features of the learner — including his or 
her cognitive abilities, attitudes, and home and 
school experiences — and the outcomes of science 
learning. Given limited resources, the 1990 science 
assessment can cover only some of the many ele- 
ments of scientific literacy. Those elements of the 
model to be included in the assessment — science 
knowledge, scientific habits of mind, and the ability 
to solve problems and conduct inquiries — are dis- 
cussed below. 

Science Knowledge. Students' knowledge base in 
science should include information not only about 
the natural phenomena that are the objects of study 
in the major scientific disciplines — life sciences, 
physical sciences, and earth and space sciences — 



1 Rodger Bvbee "I he Sisyphean Question m Scumkc hdueatmn What 
Should the Scientifically lateiate Prison Know Value ami Do As a 
CitlA'n?" (Wash'ntflon. IX ^raibook ot tlu National St lente readier* 
Association. 198f>) 

Paul Dellart Hurd, Perspective s tor the Heionn ol S' tenet Education" 
P/u tk'lta Kappnn (January 1986) 
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but also the fundamental concepts, principles, and 
theuries in these disciplines. 



Figure 1: Elements of Scientific 

Literacy and their Interaction 
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Second, students* knowledge base should contain 
information about the nature of science, including a 
recognition of the characteristics of science that set it 
apart from other human activities— in particular, its 
empirical and theoretical methods, and its philoso- 
phy. Finally, students should be informed about the 
history of science and the interactions among sci- 
ence, culture, society, and technology. 

Scientific Habits of Mind. The term "scientific 
habits of mind" includes both the ability to think 
scientifically anr' the inclination to do so beyond the 
confines of the science classroom. Inductive and 
deductive reasoning; verbal, analogical, and spatial 
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reasoning: and creative thinking are among (he 
primary elements of scientific thinking, Yet the 
propensity to apply these habits of mind beyond the 
science classroom depends not only on abilities but 
also on attitudes toward science and its relevance to 
life* — views influenced both by .expeneiues m school 
science and b\ personal variables, such as individual 
motivation and out-of-sehool involvement in science- 
related learning. 

Solving Problems and Conducting Inquiries. 

Solving problems and conducting inquiries encom- 
pass a wide range of activities, from the novice efforts 
of students interacting with the natural world to the 
work of experienced scientists. Although these think- 
ing skills are often exercised as a part of everyday 
experience, for the purposes of this assessment, 
discussions of students' ability to solve problems and 
conduct inquiries arc limited to academic applica- 
tions. The capacity to wield these skills in various 
c ontexts is considered by science educators to be an 
important indicator of science achievement. 

Solving problems and conducting inquiries may be 
viewed m terms of methods or outcomes. Teachers 
may ask their students to engage in these thinking 
activities to develop a richer understanding ol the 
natural world or an understanding oi the concepts, 
principles, and theories oi science. Alternatively, 
developing students' ability to solve problems and 
conduct inquiries may itself be the desired outcome 
of these activities. 
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The Assessment 
Framework 



s described in Chapter 1, scientific 
literacy has many dimensions, eac n 
containing numerous categories and 
topics. Given finite resources, the limits 
of self- administered measurement, the 
use of paper and pencil procedures, and the con- 
straints of existing scoring and analysis tec hnology. 
NAEP cannot provide valid and reliable information 
on student achievement in every aspect of the do* 
main. Ideally, a national assessment in science would 
include a section devoted to measuring students' 
laboratory skills with "hands-on" scienc e activities or 
investigations; however, the scarcity of fundrjg 
resources has precluded work in this valuable area. 
Members of both the Assessment Development Panel 
and the Item Development Panel recommended that 
greater resources be made available in the future to 
assess students' ability to perforin hands-on science 
tasks and to study the relationship ol these abilities 
to general sc " nee proficiency. 

Given existing technical and financial parameters, 
the Assessment Development Panel established a set 
of priorities lor the assessment ol student perform 
anee based on several lactois. including the usual 
structuring of the s( ici ce curriculum (i.c , according 
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to traditional disciplines) and the anticipated utility of 
the findings for policymakers and science educators. 

Based on these defined priorities, the panel con- 
structed the framework for the 1990 science assess- 
ment, a two-dimensional matrix— Content Areas by 
Thinking Skills — provided in Figure 2. 3 



Figure 2: Framework for the 

1990 Science Assessment 
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To guide the development of assessment items, the 
panel assigned weights to each of the major catego- 
ries in the framework, reflecting the relative impor- 
tance o' ach of the content and cognitive areas 
assessed. Cell weightings for each age group are 
presented on page 16. Each question designed for the 



I his two (lum tisional inatm diileis hum the tin < t diiut nsimi.il mains 
used in NALPs 198b assessnu nt hovvewi di( itiatus is siittu it tit K like 
those used in 198b .mil pn \ urns v t ai s to t i„ hie \ALP to i« port ttends in 
at hiewnu nt at loss tuiif l)\ m< uiporalinn a subset ul pie\ioustv admin 
istemi questions into the new assessment 
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assessment is classified into one cell of the matrix, 
matching the content and cognitive skills it is in- 
tended to measure. 

The structure of the 1990 assessment will allow 
NAEP not only to report on average science profi- 
ciency for the nation and for population subgroups, 
but also to document students' performance on four 
subscales — the Nature of Science, Life Sciences, 
Physical Sciences, and Earth and Space Sciences. 

Major Categories of the Framework 

An understanding of the Nature of Science is 
the foundation of scientific literacy and thus 
of the assessment framework itself, support- 
ing students' thinking skills as well as their content 
area knowledge. A grasp of the fundamental aspects 
of the nature of science requires an understanding of 
the methods and processes of science, the principles 
underlying scientific work, and the nature of scicr - 
tific knowledge. Chapter 3 contains descriptions o/ 
these categories subsumed under the Nature of 
Science, and a listing of sample topics within each 
category of the kind included in the assessment. 

The categories and topics that comprise the 
Thinking Skills dimension of the framework repre- 
sent the range of knowledge and cognitive abilities 
that allow the scientifically literate individual to 
conduct inquiries and solve problems in various 
science content areas. A discussion of these thinking 
skills is provided in Chapter 4. 

Finally, the Content Areas presented in this 
framework are the disciplines in which knowledge, 
thinking skills, and understanding of the nature of 
science are applied. The content areas included in 
this assessment — the Lile Sciences. Physical Sci- 
ences, and Earth and Space Sciences— reflect the 
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traditional disciplines of science. Chapter 5 presents 
a discussion of each of these disciplines, together 
with a list of sample topics illustrative of those in- 
cluded in the assessment. 

Related Aspects of the Framework 

Although the history of science is not included as a 
separate dimension in the framework, the Assess- 
ment Development Panel believed that students 
should be cognizant of the major developments in 
science history. A number of assessment questions 
were therefore designed to measure students" famili- 
arity with persons and events that have helped shape 
contemporary scientific understanding in various 
content areas. 

The panel also believed that the assessment 
questions should reflect a variety of contexts: thus, 
students will be asked age appropriate questions 
pertaining to scientific, personal, and societal issues. 

Because the need to understand and adapt to new 
technologies plays a major role in contemporary life 
and work, a series of items within the assessment 
pertains specifically to technology and its uses, In 
the context of this assessment, technology encom- 
passes the applications of knowledge and informa- 
tion, methods and tools, and processes and products. 

A final subset of questions in the assessment 
mtegiates concepts from science with mathematical 
abilities and content. For example, students may be 
asked to use their procedural knowledge of measure- 
ment, data analysis, or statistics to solve science 
problems, 

Although these dimensions— history o( science, 
context, technology, and mathematical abilities and 
content — will not be reported on distinct subscales, 
an examination ol students' responses to questions in 




these areas will permit a more detailed view ol their 
understanding of science. 



Weightings for Assessment Questions 

Any assessment of students' science knowledge can 
cover only a small part of the domain of science 
education provided across the school years. There- 
fore, the panel needed to prioritize the content and 
cognitive areas included in the assessment. Weight- 
ing decisions were based on information about the 
typieal science curriculum <tt each grade/age level, 
on NAEP's legislatively-mandated obligation to pro- 
vide information about trends in science achieve- 
ment, on measurement requirements f' r reporting on 
content area subscales; and on the views of the 
Assessment Development Panel. Item Development 
Panel, and NAEP consultants. The distribution of 
topics and items within each content area was not 
intended to prescribe curriculum standards; rather, 
the percentages were used to construct a complete 
and balanced assessment instrument at each grade. 

As presented in Tables 1 and 2. weights were 
assigned separately for each grade level because the 
emphases and expectations appropriate lor fourth-, 
eighth-, and twelfth-grade students are different. For 
example, although thr same percentages of questions 
were assigned to knowing science, solving problems, 
and conducting inquiries at all three grades, fourth 
graders' performance in these areas is expected to 
difler in cognitive sophistication from the perform- 
ance ol older students 

In addition, individual students may apply differ- 
ent knowledge or cognitive processes to answer a 
given assessment question, for example, one student 
may rely on his or hci knowledge ol certain facts, 
while another who docs not have that information 
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may arrive at the correct answer using a different 
approach. The classification of each assessment 
question was based on the judgments of NAEP staff 
and consultants as to the knowledge and cognitive 
processes that an average student in the target 
population would be likel} to use when answering the 
question. 



TABLE 1 

Thinking Skills: 
Approximate Percentage Distribution 
of Assessment Questions 



Category 

Knowing Science 
Solving Problems 
Conducting Inquiries 
TOTAL 



Grade 4 Grade 8 Grade 12 



40 
40 
20 
100 



40 
40 
20 
100 



40 
40 
20 
100 



TABLE 2 

Nature of Science and Content Areas: 
Approximate Percentage Distribution 
of Assessment Questions* 



Category 

Nature of Science 

Life Sciences 

Physic al Sciences 

Kailh and Space Si iciues 

Total 



Grade 4 Grade 8 Grade 12 



10 

30 
30 
30 
100 



10 

30 
30 

100 



12 

32 
34* 
22 
100 



# At *wy 17 lh< V\\\su a! S< irnu aU i»nr\ itu huh s .ippiuMtn.ilrK 17 
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Based on the weightings established, the Assess- 
ment Development Panel. Item Development Panel, 
and additional consultants began to write items for 
the assessment. All new items were subsequently 
screened by subject-area and measurement special- 
ists, subjected to ETS sensitivity and editorial review, 
thoroughly field tested, and revised as needed subse- 
quent to eaeh of these stages of review. 

Because the assessment cannot include items on 
all appropriate topics, the final selection of assess- 
ment questions was guided by the Assessment Devel- 
opment Panel and the Item Development Panel. The 
selection was based on the careful balancing of a 
number of requirements, including: 

* the need to repeat items from previous assessments 
to enable reporting on trends in science achieve- 
ment aeross time; 

* the need to meet distribution specifications set by 
the matrix dimensions of content and thinking 
skills, and to integrate the u" priorities defined 
by the panel — that is. incite items that pertain to 
the history of science, context, technology, and 
mathematical content and abilities; and 

* the need to offer items over a wide range of diffi- 
culty. 

The final choice of questions reflects the profes- 
sional judgments of NAEP stall and consultants as to 
the quality of individual items and the ccntrality of 
the thinking skills and content that each measures. 
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three 

The Nature of Science 



r ~~ ~ j n awareness and understanding of (he 

A nature of scki.ee is fundamental to 
scientific literary. Recognizing that 
there are various ways of knowing 
- =u within, between, and beyond the disci- 

plines of science, the phrase "science as a way of 
knowing" summarizes the views of NAEP consultants 
as to what students should understand about the 
nature of science. "A way of knowing" refers not only 
to a ^ourse of action, but also to habits of mind, 
protocols, or inclinations toward certain behaviors. 
An understanding of the nature of science, therefore, 
consists of not only an understanding oi scientific 
methods and processes, but also of the principles 
and knowledge that drive scientific work/ 'Three 
aspects of the nature of science to be included in the 
1990 assessment— processes, principles, and knowl- 
edge—are discussed below 
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The Nature of Scientific Processes 

Scientifically literate individuals should be aware 
of a variety oi proce sses essential to scientific work. 
The five categories of scientific methods and proc- 
esses highlighted in these objectives were drawn 



' .J Mooir Sc irii(< as a VV.u n| Kiiowinii Lv oh il kji t.tt v liming Ainrtmtn 
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primarily from the NAEP report Learning by Doing 
and from an outline produced in 1964 by the Com- 
mission on Sc ience Education for the American 
Association for the Advancement of Science. 7 

Observing, classifying, and inferring. Observa- 
tion— using the senses to obtain information about 
the world— is a fundamental part of scientific inquiry. 
Because they can observe only a limited number of 
objects and events at any given time, individuals 
typically impose (consciously or subconsciouslv) a 
system of organization or classification as they decide 
what to observe. Based on the system of c lassification 
chosen, observations are used to form inferences, 
construct explanations, or draw conclusions from 
available data. 

Interpreting data. Interpreting data involves finding 
patterns and meaning in a collection of observations, 
leading the observer to develop hypotheses, formulate 
generalizations, or explain phenomena. For the 
scientist, these activities may require using mathe- 
matical concepts and operations to manipulate 
variables. 

Formulating hypotheses. To formulate a hypothesis 
is to propose an explanation for observed conditions 
or events which may then be subject to empirical 
testing and validation. 

Designing experiments. Designing an experiment 
entails planning the methods and proc rehires that 



Nation, il Ass< ssmrni o! VaUh ,Hion<il f'nmn ss hat iwuj hi) fhntif) A \Uu\ual 
lor /<■(« lutiq mid Ass< ssinc; lh<fli< t ();<U t IlutikuHj in S< n f«r wul \Uitht mat 
trs (Pi in< Hon \\J Ltliu ,ition«i1 Icstiiitt St tVK e \1<i\ 1 { )K7) 

Arthur Li\ ennui t "I hi I 'tot ess Appro.u h uf t ht Ainwu <in Asmm utlion lor 
tht AtK.uuMiu ul of Si u n< t t niiniiissniii on St h um Ldiu .itlnn Journal of 
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can be used to gather data needed to answer a 
question, support a hypothesis, or challenge a theoiy. 

Conducting inquiries. The process of conducting 
inquiries integrates the methods and processes of 
science, the values of science, and the skills of scien- 
tists in discovering new knowledge. In addition, 
conducting inquiries involves such skills as inter- 
preting data in light of experimental hypotheses and 
extant knowledge, controlling variables, defining 
terms, formulating models, and communicating 
results (i.e.. publicizing findings). 

Rather than attempt to define a complete or 
definitive set of topics for these categories— an impos- 
sible undertaking — the panel designated topics 
illustrative of those that might be incorporated into 
the assessment. These sample topics were reviewed 
by science educators and other external consultants 
to evaluate their appropriateness for students in each 
designated grade level. Because not all topics are 
suitable for all age levels, the lists that follow use a 
bullet (•) in the column under a particular grade to 
indicate that some aspect of that topic or concept is a 
potential source of questions for that grade level. 



The Nature of Scientific Processes: 
Topics Classified by Grade Level 

Grade Level 
4 8 12 



The processes of science include observing, 
classifying, and inferring 

Observation is fundamental to science • • • 

Observation may involve any of the senses • # • 

Classification is important ... , , , • • o 

There are many different ways to classify . . . , • • • 



Grade Level 
4 8 12 



Classifications impose order 

Inferences can be made and conclusions can be 
drawn from observations and classifications . 

The processes of science involve interpreting data 

Conclusions are based on the scientist's 

interpretations of data • 

Interpreting data may include noting whether 

there have been any unexpected results • 
Predictions and implications are based on 

interpretation of data • 

Mathematical operations are an important tool 

in data interpretation . , , , , • 

Determining the significance of results is 

a form of interpreting data ... 

The processes of science involve formulating 
hypotheses 

Hypotheses are plausible explanations of 

observations, facts, or results .... . • • • 

Hypotheses are testable • • • 

Testing hypotheses often leads to the formulation 

of new hypotheses for investigation . . • • 

The processes of science involve designing 
experiments 

Conducting inquiries involves looking for patterns • • • 
Experimentation involves choosing appropriate 

tools and techniques ••• 

Experimentation involves gathering data . • • • 

Experimentation involves testirg hypotheses • • • 

One experiment will often lead to another • • • 

Experiments and the application of the results of 

experiments may have benefits, costs, and risks 

that must be identified and reflected upon • • 

Experiments are based on well-stated hypotheses • • 

Data from experiments are used to challenge or 

support theories . . • • 

Experiments involve identifying and selecting 

dependent and independent variables © 
Models are often used to formulate hypotheses • 
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The Nature of Values and Principles 
Underlying Scientific Work 

An understanding of the values and principles that 
shape scientific work is a necessary but not sufficient 
condition of scientific literacy: science education 
should also develop students' inclinations to apply 
these in their interactions with the natural and 
technological world. The following values and prin- 
ciples incorporated in the 1990 assessment were 
adopted from the report. Education and the Spirit of 
Science* 

Knowledge is valued. Knowledge is an outcome of 
scientific work: students should therefore consider 
the investment of time and resources in pursuit of 
scientific knowledge to be a worthy goal. 

Questioning is essential. Developing and refining 
scientific knowledge requires questioning current 
knowledge. The scientific position is that authorita- 
tive statements, beliefs, and truths are accepted only 
to the extent that evidence supports them. All things 
are subject to scrutiny and revision. 

Data are fundamental. The bases for refining and 
expanding scientific knowledge arc data, and the 
processes of acquiring and ordering data arc funda- 
mental to theory construction. Data do not become 
useful until they are observed and framed into quali- 
tative or quantitative statements. 

Verification is essential. The validity and accuracy 
of scientific findings arc open to review. Under appro- 
priate circumstances, scientists should provide 
necessary information to allow other scientists to 
replicate tl nr experiments. 

" N.ilioii.il helm ahon Assoc i.ihon /.*fiu( atiott and tlw Spinf o) S< wtu <• 
(W.j shin tit on IK Wiiion.il hduc tition Asvk tuitoii l ( )<4bl 
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Logic is respected. There is a respect in science for 
logical reasoning which allows scientific knowledge to 
be constructed and revise ^. 

Illustrative sample topics on values and principles 
underlying the scientific enterprise follow. 



The Nature of Values and Principles 
Underlying Scientific Work: 
Topics Classified by Grade Level 



Grade Level 
4 8 12 



Knowledge is valued 

Pacts and data arc the result of scientific work 

Knowledge is supported by evidence . . 

Expanding knowledge is the goal of scientific work . 
The scientific community values knowledge 

supported by evidence more than knowledge 

supported by belief 



Questioning is essential 

Scientific knowledge is open to question and ievision 
Scientists are obligated to question the 
findings ol other scientists . 

Data are fundamental 

Scientists use facts and data to assess 

their theories . . . 

Scientific disputes are resolved by tu^ts, not beliefs 
Analysis of data may be quantitative or qualitative 
Acquiring and ordering data are fundamental to the 
construction of scientific explanations 

Verification is essential 

Scientists experiments may be repeated by other 
scientists , ... 
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Grade Level 
4 8 12 



Scientists should be able to demonstrate how they 
obtained the data they use to support their 
theories ... . . . 

The validity and accuracy of scientific findings are 
open to review 

Logic is respected 

Scientific data should be presented in ways that 
arc understandable . 

The connections between scientific data and 
scientific theories must be reasonable to the 
scientific community 

Scientists require that empirical findings and 
scientific theories be constructed logically 



The Nature of Scientific Knowledge 

Scientific knowledge is in a continuous state of 
transformation, but in ieeent decades, changes in 
existing data and concepts have occurred at increas- 
ing rates and in many new directions. As scientific 
knowledge is refined and elaborated, new theories are 
generated, replacing extant ones. Inteipretations of 
scientific knowledge also may change. Many methods 
and techniques can be used to further our knowledge 
of science. Thus, there is no single "scientific method" 
to be learned, as frequently described in science 
texts, but rather a multiplicity of methods. 

In 1990. NAEP will expand the e f forts of previous 
assessments to measure students' understanding of 
the nature of scientific knowledge, according to five 
major tenets: 

Scientific knowledge is tentative. Because it is 
constantly changing, the body of scientific knowledge 
is neither absolute nor complete. What is known in 
science enables one to make logical predictions and 
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explanations and to integrate the scientific prof esses 
needed to generate and resolve new questions. 

Scientific knowledge is public. Scientists generally 
publicize new knowledge and the methods used to 
discover that knowledge 10 further advancements in 
science and permit their colleagues to evaluate their 
work. 

Scientific knowledge is empirically based. Scien- 
tific knowledge encompasses facts, principles, con- 
cepts, and theories. Observation and experimentation 
are the basis for expanding and revising the body of 
scientific explanations, and the assessment of these 
explanations is based on observable data. 

Scientific knowledge is based on replicable 
observations. Scientists working in different places, 
at different times, and under comparable conditions 
should be able to repeat observations and experi- 
ments and derive the same findings from these 
activities. 

Scientific knowledge is cumulative. Scientific 
knowledge from the past is the basis for present 
knowledge, which sets the stage for the development 
of future knowledge. Historical knowledge should be 
related to the context of the period in which it ex- 
isted, and contemporary scientific knowledge should 
be understood in relation to the current social, 
technological, and political contexts. 

A set ol illustrative sample topics on the nature oi 
scientific knowledge follows. 




The Nature of Scientific Knowledge: 
Topics Classified by Grade Level 



Grade Level 
4 8 12 



Scientific knowledge is tentative 

Scientific knowledge can change ... • • • 

New evidence can change current explanations foi 
phenomena . . . , • • • 

Scientific knowledge is public 

Scientists should repoit exactly what they observe 
Scientific knowledge is reported publicly 
Scientists should report both the data supporting 
theories and the methods used to obtain the data 

Scientific knowledge is empiric oily based 

Observation and experimentation are the basis tor 

acquiring scientific knowledge 
Scientific knowledge must be reassessed through 

i epeated observe t ions 

Scientific knowledge is based on replicable 
observations 

Scientists woiking in different places or at dtiletent 

tunes under comparable conditions should be 

able to repeat experiments and get consistent 

results ... , 

Evidence derived from observations and experiments 

should be replicable by other scientists . . . 

Scientific knowledge is cumulative 

Scientific knowledge is accumulated over time 
Contemporary theories may be based on knowledge 1 

accumulated over time . . . 
The accumulation ot scientific knowledge mav he 

influenced by social, political, methodological, 

and technological factors ... • • 
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Thinking Skills 



n its 1987 report. Improving the Assess- 
ment of Student Achievement, the Alex- 
ander-James commission recommended 
that NAEP devote greater attention in 
future assessments to measuring stu- 
dents' higher-order thinking skills, particularly in 
mathematics and science. l) in doing so. the commis- 
sion joined a growing cast of educators, legislators, 
researchers, and employers m calling for efforts to 
strengthen the higher-order thinking skills of Ameri- 
can students. 10 Despite widespread agreement that 
higher-order thinking must be improved, there is 
little agreement as to what these skills are. much less 
how they can be taught or measured. n While there is 
some evidence that hands-on activities strengthen 
important cognitive skills, there is a need for further 
research to demonstrate the appropriate uses of 
hands-on activities in science instruction and to 
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'Ltiuiai Alexander and M 1 nomas James, flu 1 iVfriion s Rvjwrt Card 
tmprormq die Assessment of Student Ac /uc'ivmerU (Washington I) ( 
National A<ddemv oi Education. 1987) 
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tcrmin/ (Washington. DC National Science Foundation. 1983) 

11 Lauren Kesnu k. Education and Uiinwiq to Hunk (Washington DC 
National Aeademv Press 1987) 
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explore the relationship between these activities and 
science proficiency 12 

Accordingly. NAEP conducted a 1986 pilot assess- 
ment of higher-order thinking skills in science and 
mathematics which required students to work with 
various types of hands-on equipment. Students were 
asked to manipulate materials such as circuits, 
beakers, blocks, and small animal vertebrae, organize 
data, make and interpret observations, formulate 
hypotheses, and conduct investigations, all of which 
are likely to be relev ant to a wide range of tasks and 
responsibilities outside of the science domain. 1 ' 

Although there are inadequate resources at this 
time to include hands-on items in the 1990 science 
assessment, efforts will be made to measure stu- 
dents' use ol some of these skills based on pencil and 
paper items. These items are presented in a variety of 
formats, including multiple-choice, short answei. 
figural response, and essay. Reiterating the frame- 
work in Chapter 2. each question in the assessment 
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is classified according to both the thinking skill and 
the content area it subsumes. This design is based on 
a definition of higher-order thinking that is disci- 
pline-based, under the belief that thinking skills 
should be taught (and therefore measured) in con- 
junction with subject content, rather than in isola- 
tion. The three categories of thinking skills included 
in the 1990 science assessment arc: 

* knowing science; 

* solving problems; and 

* conducting inquiries. 

These thinking skills are discussed below. 
Knowing Science 

Questions in the knowing category are designed 
primarily to measure factual knowledge. Successful 
performance depends on students' ability to recall 
specific facts, concepts, principles, and methods of 
science, show familiarity with scientific terminology: 
recognize basic ideas in different contexts; translate 
information into other words or formats: and use 
abstractions m related situations. Scientific knowl- 
edge is critical, because conducting investigations, 
solving problems, and making successful decisions in 
science require familiarity with facts, generalizations, 
and processes. 

Solving Problems 

Questions asking students to solv e problems test 
their ability to combine factual knowledge with 
appropriate rules, formulas, and algorithms for 
specified purposes. Succ essful performance requires 
that students apply scientific facts and principles: 
interpret information or data using ideas from the 
natural sciences; and recognize the relationship ol 
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concep's. facts, and principles to phenomena ob- 
served and data collected. 

Solving problems generally refers to ihose think ng 
activities in which algorithms may be applied in re- 
solving a given question or problem. These problems 
often have well-defined goals, are presented via text 
and diagrams, and are textbook- or teacher-initiated, 
rather than self-initiated. Responses to such prob- 
lems are typically limited to a word, number, or 
phrase, and only occasionally require an extended 
verbal or written response. Sonic ol the questions in 
the 1990 assessment that require students to solve 
problems arc of the kind typically found at the ends 
of chapters in science textbooks; others ask students 
to use scientific knowledge and understandings to 
solve problems simulating situations that might arise 
in real life. 

Conducting Inquiries 

inquiries arise out of experience with the natural 
world and. in contrast to solving problems, the goals 
of these ac tivities are generally set and adapted by 
the inquirer. Successful performance clcpen 1 un stu- 
dents' ability to employ the higher-order skills needed 
to implement an investigation and develop findings. 
Inquiry questions included in the 1990 science 
assessment are designed to measure aspects of 
students' ability to generate researchable questions 
based on available information. These aspects may 
include framing a researchable question; analyzing 
av ulable information in a manner consistent with the 
body of scientific concepts and principles; evaluating 
the best analytic or experimental procedure given 
specified conditions; organizing a series of logieal 
steps, executing an experiment; formulating explana- 
tions; and di awing conclusions on the basis of avail- 
able data. 
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Science Content Areas 




he disciplines of science are intercon- 
nected in many ways: however, individ- 
ual content areas are distinguished in 
the assessment framework for the pur- 
poses of measurement and discussion. 
As described in Chapter 2. the content dimension ol 
the framework organizes questions according to the 
three traditional disciplines of science: 

* Life Sciences 

* Physical Sciences 

* Earth and Space Sciences 

The Assessment Development Panel defined 
salient concepts within each category to guide the 
development of assessment questions, and these 
concepts were used as the basis for developing lists of 
sample topics appropriate at each grade level. 



Life Sciences 

Concepts in the life sciences can be placed along a 
continuum, ranging from the topic-specific to the 
highly integrated and interdisciplinary Most students 
gain some topic specific knowledge and understand- 
ings in this content area through life experiences; 
thus, some topie-specilic questions— such as asking 
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students to classify plants and animals — are most 
appropriate at the earlier grade levels. In contrast, 
items for older students — for example, questions 
dealing witl; energy transformations or genetics — 
require integration of knowledge from several disci- 
plines, as these students are assumed to have mas- 
tered a detailed knowledge of the simpler (i e., topic- 
specific) categories. 

The major categories of topics in the life sciences 
included in the 1990 assessment include cellular and 
molecular biology, energy transformations, genetic 
continuity and development, evolution, diversity and 
systcmatics. structure and function of organisms, 
behavior, and ecology. Illustrative sample topics 
within each uf these categories follow. 

Life Sciences: 
Topics Classified by Grade Level 

Grade Level 
4 8 12 



Cellular and Molecular Biology 

Cellular theory r of hie 

Cell structure and function 

Life as a chemical process 

Regulators of life processes 

Biochemistry of genetics (UNA and RNA) 

Energy Transformations 

Societal issues products from living organisms 
Major energy sources and reactions in organisms 

(photosynthesis and cellular metabolism) 
Biochemical reactions . . . 

Genetic Continuity and Development 

Reproduction as the fundamental biological process 

that provides for the continuance of life 
Life cycles . 

Gene theory of heredity (chromosomes, genes. 
DNA. mutations) 
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Grade Level 
4 8 12 
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Strategies of reproduction— asexual and sexual • • 

Societal, technological and ethical issues • • 

Evolution 

Evidence for evolution (fossils, geological records, 
comparative studies) • • • 

Natural selection and response to changing 
environments • • • 

Historical perspectives . • 

Diversity and Systematics 

Major divisions of biology (i.e., Five Kingdoms) • • • 

Classification schemes (i,e t structural or 

evolutionary relationships) • • • 

Taxonomy (evolutionary or chemical) of major 

groups (microorganisms, protists, plants, animals) * 

Structure and Function of Organisms 

Living and nonliving things • • • 

Organisms as systems • • • 

Hierarchy of structure and function • • • 

Structural features of organisms • • • 

Good health piactices • • © 

Equilibrium in living things (homeostasis) • • 

Behavior 

Response of living things to stimuli • • • 

Animal behavior as a form of adaptation • • • 

Basis of behavior (genetic, physical) • • 

Animal models and human behavior . • • 

Ecology 

Interaction/interdependence of biotie and abiotic 
factors 

Energy flow and food webs ... 

Essential requirements for life— food, certain temp- 
erature conditions, moisture, light and oxygen 
(limiting factors) 

Symbiosis/ prey- predator relat lonships 

Social issues related to the environment (water 
crisis, pollution, world population, etc) 

Adaptations to the environment (structural. Kmc 
tional, behavioral) . 

Biogeochemical cycles 
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Physical Sciences 

The physical sciences deal with the fundamental 
components of the natural universe— space, time, 
matter, and energy. Students should be aware that 
human understanding of the nature of matter has 
evolved over the course of history. Beginning with the 
Greek concept of four fundamental elements, through 
the discovery and organization of the elements into 
the penodic chart, the idea was sustained that all 
matter is composed of small particles in a state of 
continual motion, as summarized by the kinetic 
molecular theory of matter. As Ihe search for elemen- 
tary particles continued, the kinetic molecular theory 
was eventually replaced by the quantum-mechanical 
view of matter and energy. A sense of this history of 
ideas provides a foundation for understanding cur- 
rent scientific work. 

Students should also understand that the uni- 
verse is not static: rather, matter and energy arc 
continually being transformed in space and time, 
producing chemical and physical changes. A grasp of 
the laws of mechanics, and the interaction of light 
and matter, provides a way of understanding that 
among all of nature's transformations, a few invari- 
able (conserved) quantities arc known to exist, in- 
cluding mass-energy, electrical charge, and linear 
and angular momentum. In addition, an understand- 
ing of energy—more specifically, the laws of thermo- 
dynamics— permits one to predict if and in what 
manner a change will occur. 

The six sets of topics included in the 1990 science 
assessment arc motion, conserved quantities, waves, 
particulate nature of matter, properties of matter, 
and changes. Illustrative sample topics within each 
category follow. 
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Physical Sciences: 
Topics Classified by Grade Level 



Grade Level 
4 8 12 



Motion: Macro- and Microscopic Objects and 
Particles 

Describing motion (location, speed and velocity. 

acceleration) . o 

Explaining motion (gravitational and electrical 

forces, equilibrium) . . 
Relativist ic effects 

Conserved Quantities 

Energy . , • 

IVIatter . . , • 

Elc.tnc circuits . • 

Thermodynamics 

Momentum 

Charge .... 

Waves 

Geometric and physical optics • 

Sound , • 

Electromagnetic waves • 

Particulate Nature of Matter 

Temperature and heat • 
Kinetic theory of mallei . • 

Fundamental particles • 
Bonding . . . 

Properties of Matter 

Solutions ... • 
States of mattei * 
Periodic table of elements 

Changes 

Physical • 

Chemical 

Nueleai 
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Earth and Sp&ce Sciences 

Knowledge and understanding of key concepts in the 
Earth and space sciences provides students with a 
more informed view of their place on Earth, and of 
Earth's place within the universe. These concepts, in 
turn, build students' capacity to participate in public 
decisions, particularly those concerning environ- 
mental issues. 

Earth's place within the universe, plate tectonics, 
water and rock cycles, and the Ecirth's history are the 
Earth and space s( ience topics to be included in the 
1990 assessment. Illustrative sample topics follow. 

Eartn and Space Sciences: 
Topics Classified by Grade Level 

Grade Level 
4 8 12 



Introduction to ihe Study of Earth an 

Understanding Earth systems 

Tools for study (tune. maps, co in passes. 

Earth in space and time (contemporary 

ical perspectives) . 
Interaction of spheres (hydrosphere, litli 

atmosphere) 

The Earth's Place in the Universe 

The Earth- moon *»un system 

The solar system (dimensions, motions, 

interactions) 
Astronomical observations 
Dimensions, motions, and interactions \ 

univeis'* (stars and galaxies) 
Quantity and quality of starlight 
Origin and evolution of the universe 

The Dynamic Earth: Plate Tectonics 

Earthquakes and Earth's interior 
Natural hazards 

Continental origins and continental drift 
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Ongin of oceans and changing ocean basins 
Origin and evolution of the theory of plate 

tectonics . . . 

Evidence for plate tectonics and explanation for 

landscape changes 

The Water Cycle 

Energy and the water cycle 

Weather and climate . 

Bodies of water on and within the land . 

Water quality 

Water cycles within the oceans . . . 
Origin and evolution of the atmosphere and ocean 
water . . 

The Rock Cycle 

Earth materials (rocks and minerals) 
Agents of weathering and erosion 
Rocks within mountains 
Ixind use . 
Sedimentation 

Mountains within the seas . , . . 

Evolution of landscapes and seascapes 

The Earth's Biography 

Life (past, present, and future) 

Reading the record in the rocks of the Earth 

Dating of materials .... 

Tune and its measurement geologic clocks 

and scales . 
Development of continents across time 
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I 1 I n addition to monitoring trends in 
science achievement. NAEP collects 
valuable background information on the 
context for science learning. Responses 
^ =^ t0 these non-cognitive questions provide 

further indications of the health of science education 
in the United States— for example, by providing infer 
mation on trends in science course-taking for high- 
school students. Background information is also 
useful in determining the distribution of educational 
resources across populations of students and in 
studying the characteristics of and instruction asso- 
ciated with students' performance. 

For the 1990 science assessment. NAEP will 
develop two student background questionnaires lor 
each of three grades to be included in the assessment 
(grades 4. 8. and 12). The first, developed with the 
guidance of NAEPs Policy Analysis and Use Panel, is 
a five-minute questionnaire designed to collect basic 
demographic information as well as indicators of 
students' socio-economic level and home support lor 
learning. 

The second questionnaire, developed with guid- 
ance from the Science Assessment Panel and Item 
Development Panel, contains items directly related to 
aspects of our educational system that affect the 
learning of science. Because limited tune is available 
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to collect such background information, decisions 
about which areas to include were difficult. However, 
keeping in mind the parameters of trend information, 
current research, and the validity of information 
collected in a self-report format, the NAEP science 
consultants decided to focus on five contextual aieas 
related to science achievement. These areas are 
summarized below. 

Time Spent Studying Science. Time spent studying 
science and science course-taking are important 
indicators of educational quality because of their 
well-established effects on student achievement.' 4 All 
students are asked how often they have science 
lessons and how much time they spend on science 
homework each week, while older students are also 
asked about the number and kinds of sciences 
courses they have taken. 

Instructional Practice. Information on students' 
exposure to subject matter, however useful, must be 
supported with information about uses of class time. 
While students* perceptions may or may not agree 
with those of their teachers, students' observations 
are a key to understanding the end result of various 
educational delivery systems and instructional 
practices. Given the current view that students 
should learn science through experience, a number 
of questions in this category relate to how often stu- 
dents do experiments, work with manipulatives, and 
engage in various activities in their science classes. 
Other questions focus on the use of instructional aids 
such as films, videotapes or videodiscs, computers, 
and calculators. 



1 1 Kit hard Murnuiu' and Senta Kai/en. Impiuvuu) /ruinators of the Quality of 
Science and Mathematics Education in Grades K / 2 (Washington. DC 
National Academy Press. 1988) 
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Finally, NAEP will attempt to collect information 
on the extent to which students use textbooks, work 
on science problems with other students, write re- 
ports, and are asked by their teachers to hypothesize 
and interpret data. The construct to be explored is 
the extent to which students' science instruction 
emphasizes the processes of science. 

Laboratory Activities. Questions in this category 
arc closely related to those on instaictional practices, 
but since laboratory activities are an integral compo- 
nent of science instruction, they are discussed sepa- 
rately here and in more detail. NAEP consultants 
advised collecting information about the amount of 
time spent in the laboratory and about experience 
using laboratory equipment, from mirrors and mag- 
nets to wave tanks and electrophoresis equipment. 
Not all students have been asked to use all types of 
science equipment and apparatus in their class- 
rooms; however, by including a variety of questions, 
the assessment can provide an estimate of students' 
equipment use in general, as well as the extent to 
which they come into contact with relatively sophisti- 
cated apparatus. Questions on laboratory safety also 
arc included in this category. 

Attitudes Toward Science Learning. Positive atti- 
tudes toward subject area learning are thought by 
most educators to be an important outcome of 
schooling. r> Because students' attitudes toward 
science learning and their intentions to pursue 
additional science studies are likely to have an 
impact on tomorrow's labor force and citizenry, it is 
useful to gauge students' understanding ol the value 
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of the discipline and their future commitment to 
science studies. Accordingly, the 1990 science as- 
sessment will collect information on students' atti- 
tudes toward science learning. This information also 
may be compared with science achievement as mea- 
sured in the assessment. 



Science Experiences. Questions in this category' are 
designed to collect information on students' exposure 
to or involvement in informal science learning activi- 
ties in or out of school, such as taking care of plants 
and animals, studying the weather, and experiment- 
ing with moving objects such as pulleys or pendu- 
lums. These data may then be compared with infor- 
mation on students' science proficiency and on their 
formal science education. 
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Appendix 



Sample Items 




he following sample questions represent 
various cells of the framework presented 
in Chapter 2. providing examples of 
classifications and item formats to be 
included in the assessment. These 



questions are for illustrative purposes only, and do 
not constitute a complete or balanced assessment. 

NATURE OF SCIENCE 

Thinking Skill: 

Knowing Science 



Grade Levels: 4, 8. 12 

Always Sometimes Never 
True True True 

S< icntists should lepori e\«ullv 

whiit the\ observe * 
Hrliel is the mam basis lot 

s( ienuh( knowledt»e 
Knovvledi»e is (he uo.'l n! s( lenlilu 

vvoik 

Scientific knowledi»e < <m be (pies 

honed and ehant»ed * 
Knowledge disioveted m the past is 

used in ( mieiit s( lrntifu vvoik * 
S( lentists who do expeimioiils Imd 

answeis lo then (jtiestions * 



*( once t <msvv( i s toi multiple t Iiok o n< ms ah iikIk aled b\ <m 
astensk !*) 
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Grade Level: 4 



Which ol the following questions would be easiest to answer with 
an experiment 9 

(A) What makes a metal magnetic" 

*{B) Which is the stiongcr of two magnets'' 

(C) What makes a magnet attract paper ( lips and not paper* 

(D) What are the steps involved in making a maj>ner J 

The methods ot sc ienc e c an he used to answer all ol the following 
questions KXCEI y r 

*(A) Are puppies nvuv he.iiititul than spiders'* 

(B) How man} oak trees grow in Peimsvhania'' 

(C) Whieh laundry deteruent cleans best'* 

(D) What are the effects ot lead pollution on tiouf 

Grade Levels: 8. 12 

Which of the followinu hypotheses would be the easiest to test toi 
validity in a inven school'* 

(A) Seicnt e c oui ses ai e more dif lie ult t han ot her < oui ses 
*(B) On the aveia^e, students l>i«kI(s m sciciueaic lowei than 
their &i ules m othei com ses 

(C) Science courses lequire more homework time 1 than othei 
courses 

(D) Science c oui ses aie moie mterestini* than othei com ses 

(K) To a gi eater extent than in othei com ses. science ^ades aie 
moie dependent on abiliU than effort 



Always Sometimes Never 
True True True 

'Iheie may he difteient methods ot 

solving a single s( lentific pioblem * 
Diffeient scientists may i»i\e dif 

ferent explanations about the 

same observations * 
Scientists can entiei/e each othei s 
work . * 



*Coirect answeis foi multiple choice items (l ie nxlic ated bv an 
asteusk (*) 
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Grade Level: 12 



A scientist can state his or her find 

mgs as conclusive 
Acquiring and ordering data are 

fundamental to the construction 

of scientific theories . . , . 
Srientists change the:r ideas when 

new information hecomes known 
Statements concerning laws in sci 

ence aie subject to change 
Experiments lecmire controls 



Always Sometimes Never 
True True True 

* 

* 

* 

* 
* 



For more than 40 ycais biologists ha\e thought that the gene for 
sex determination in humans is on the V chromosome In 1987. a 
biologist reported results Irom experiments showing that the sex 
determining gene may also be on the X ( hroniosome Whic h ol the 
following would he the scientific commumU s most reasonable 
response to this report 9 

(A) Reject the report because it conflicts with the accepted model 
(13) Aecep* the report becaiec the experiments ueic published in 

a well -respected scientific journal 
*(C) Suspend final judgement until others have had a chance to 

repeat the experiments 

(D) Find out how long the biologist whu wn»te the article has been 
working m this field 

(E) See whether the media covers the storv 
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•Cont'd answers for multiple choice items are indicated by an 
asterisk (*} 
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LIFE SCIENCES 



Thinking Skill: 

Knowing Science 



Grade Level: 4 

Which ol Hk 1 sets of animals pit lured below would biologists put 
togethei in the same class or group'* 




Which ol the following a mam dith n n< e lx Iwet n giet n plants 
ind «immals' > 

(A) Onlv animals aie alive 

(li) Onh animals need an to stav alive 

(O) Onh plants need uatet and vitamins to stav hedtliv 
•(H) Onlv plants ptodiue Iheu own loud using '*neigv ft om 
sunlight 

*( one( t answt toi multiple ( lion e itt ins an indu al< d bv <in 
.istensk [*) 




Grade Level: 8 

All of the following c hanges arc caused bv changes in the em iron 
men I EXCEPT 

(A) birds migrating in the fall 

(B) grasslands dying in a drought 

(C) a fish dying m a pond that heroines acidic 

*(D) a root growing downward m response to gravity 

Which of the groups of animals listed below would a biologist 
classify as most closely related 9 

*(A) fly. moth. bee. beetle 

(B) clam, starfish, snail, crab 

(C) tuitle. snake, spider, monkey 

(I)) bat. robin, flying squirrel, butterfly 

In the environment, some ecosystems change oxer time in a 
process called succession Which oi the following t hanges is an 
example of succession 9 

(A) Embryo to fetus to babv 
*(B) Pone! to meadow to woodland 

(C) Seed to pine tree to pmc cone 

(D) Egg to caterpillar to buttciflv 

Grc.dc Level. 12 

Which of the following is true of bacteria 9 

(A) Tliev have mitochondria 

(13) They usually reproduce sexually 

(C) Thev are only present in diseased plants 

They may assist m the bieakdown of substances 
(ha TV/ are responsil)le for AIDS and smallpox 

A man will pass his X hroniosome to 

(A) all his children 
*(B) all his daughteis 
(C) ail his sons 
(I)) httlf his sons onlv 

(E) half his daughters onl\ 



*Coi iec t c»ns\\ei s f^i multiple ( turn e items die indie ate d bv an 
astensk (*) 




Scientists can determine how closely different spec ics of animals 
are related to one another by measuring how similar they are in 
which of the following respects? 

(A) Size 

(B) Distribution 
*(C) Genetic materia! 

(D) Migratory patterns 

(E) Responses to stimuli 

The viceroy butterfly us an example of mimic rv because 

(A) it feeds on the neetai of flowers 

(B) its reproduction imolves complete metamorphosis 

(C) it migrates in wintei to iaxoiablc enwionmental conditions 

(D) its physical structures are characteristic of other insects 

its mai kings aie similar to the distastelul monarch butteifh 

Which of the following is an example of sue ( essior. in an 
ecosystem** 

(A) A deer attracts tic ks which then sue k the deer s blood. 
*(B) Trees replac e the shrubs that had earlier replaced the 
grasses 

(O) Disease kills off snow shot 1 hares then the wolf population 
falls 

(D) Woodpeckers make nests, then bluebirds use the abandoned 
nest holes 



*Corie<t answcis foi multiple choice Kerns a;e indicated b\ an 
asiensk (*} 
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Thinking Skill: 

Solving Problems 



■Grade Level. 4 



Use the diagrams below to answer the next two questions 

All ol these are birds All ol these ar" buds that 

that usually live on land usualh live luar water 

Group A Oioup B 





In which Ljioup A 01 B would you place the bud shown 
below' 1 (B) 




\\h\ di 1 \<y law the bud in th.it ^loup' 1 



*('oire( t answei s im multiple ( Iiok e itt nis are mdu ated by an 
astciisk {*) 



51 53 




12 14 5 

'I mic \fter Planting 
tin WlvKs) 



A fourth-grade class planted flower seeds on a Friday E\ery 
Friday the class measured the plants and recorded how tail the 
plants were on the graph shown above Between which two 
measurements did the plants grow the mosf 

(A) Weeks 1 and 2 
*(B) Weeks 2 and 3 

(C) Weeks 3 and 4 

(D) Weeks 4 and 5 



Grade Level: 8 

Matthew had a cold After lour days ol eating fresh Iruit, his (old 
was gone Matthew decided that the fruit had eiued him Is his 
conclusion justilied? 

(A) No. because he was the only person to observe this fac t 
*(B) No, because other variables were not eontiolkd 

(C) Yes, because it is based on an obsened tact 

(D) Yes, because there is no way to disprove it 



*Corre(t answets foi multiple (heme items aie indicated bv an 
asterisk {*) 
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Relative Rate oi 
Photo\\nthesi\ 



4(X) 5<X) 6(X) 7(X) 

Wavelength {nanometers ) 

Plants get rnerg\ loi photosynthesis b\ absoibing light. As shown 
above, plants photos\nthesi/e at different lates depending upon 
the wavelength (color) ot light they art given Ii yw were to grow 
plants under light*- ul ditferent wavelengths, whuh ol the following 
wavelengths of light would piobahlv give the best giowth'' 

*(A) 450 nm 
(Ii) 500 nm 
(C) 550 nm 
(I)) 700 ni 



*( niiet t ansvvel s lot multiple ( hou e itt ms aie inriu aled bv an 
astetisk (*/ 



- 53 55 



■Grade Level: 12 



The following three questions are based on the following experi- 
ment and diagram 



I nils it; \u\in 
hltu.k> ittir S hiniiN 



Sections ot stem. 1 eentuneters in length, were cut from just below 
the growing tips of a number of plants As indicated in the 
diagram, small blocks ot agar containing equal amounts of auxin 
(shaded in the diagram) were placed on one end of each stem 
section Agar blocks without auxin {unshaded in the diagram) 
were placed at the other end of each stem section One half of the 
stem sections were placed in an upright position, the other half 
were upside down The tip end of the stem is indicated by an X 
After 5 hours in the daik. an analysis was made to determine the 
amount of auxin m the blocks which had originally contained no 
auxin (unshaded) The average amount ot <arxm obtained from 
these blocks alter 5 hours is shown below each figure 

Which of the following was a variable fat tor in the design ot the 
experiment"' 

(A) Amount of light available 

(B) Amount ot auxin added to the shaded agar blocks 

(C) Amount of auxin recovered honi the clear agar blocks 
*(D) Position of the agar bloc k with icspcc I to the growing up 

If diffusion were the primary fac tor in the movement ot auxins in 
the stem, then auxin introduced into the auddle of a plant stern 
should move from the middle towaid 

(A; the tip onlv 
(15) the root onlv 
*(C) both the tip and the root 

(D) neither the tip nor the loot 



•Correct answers foi multiple choic c items at mdi< ated hv an 
asterisk (*) 



9 

ERIC 



Auxin causes cell elongation 11 the hypothesis that the movement 
of auxin from the tip clown the stem is due only to grautv were 
tnie then a plant grown upside down should show 

*(A) no elongation of any cells in the stem 

(B) elongation of cells nearest to the root end 

(C) elongation of cells just above the growing tip 

(D) elongation of the eells in all parts of the stem 



1 enjith 
ol Root 
kentimeters) 




Concentration ol auxin 
({\iris per million) 

= O 1 \ pm 

- 10 ppni 
^ 10 0 ppm 

- KKJOppni 



I unc ( \\ i I'ksi 



The plant hormone. aiiMn. was applied to cuttings ol a losebush 
in order to stimulate roots to grow Extrapolating from the data on 
the graph. <:t 6 weeks the longest root s\ stern will most hkel\ 
occur at which concent rat ion o! auxin'' 

(A) 0 1 ppm 
*(B) 1.0 ppm 
(C) 10 0 ppm 
(O) 100 0 ppm 



*( oiiec t ariswt is lui niiilliph (hum iinih.in nulu .it( <lh\ an 
ast< risk (*) 
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Thinking Skill: 

Conducting Inquiries 



Grade Level: 4 

A b( icntist chsto\ers a new type of lush and wants to learn more 
about it while it is alive How should the scientist do this'> 

(A) Go to the library and lead about tish 
(13) Watch television piognmis about fish 
*{C) Observe the fish 
(D) Dissect the fish 

Which ot the fbllo\wni> questions would be the cask si to ansuet 
with experiment s' ? 

(A) Ho»" ta\ ( (an animals run' 1 
(13) What makes an animal run last'' 
*(C) Which is last est. a li/ard or a snake" 
(D) What is the tastest animal m the woild" 

Grade Level. 8 

A i>ni wanted to hnd out whether ants pietei to he in lii>ht or 
daikness Which ol the following should she do" 

(A) Place one group ot ants in the huht. wait awhile, then plate 
them in the dark 

(B) 'I «ike two i>ioups ol ants. plat c them mi the daik toi a while, 
then place them m the light 

(C ) Plat e one group ot ants m the daik and anothei group m the 

I Kill I 

*{{)) Piute out gioup ol ants in a location uath both light and daik 
aieas. and let them (house between the two aieas 



*(onetl aiiswcis loi mu)h|>lc < Iiok < items an iudi(attdb\ an 
asterisk (*) 
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Megan wanted to Mudv tiie ette( t of e\en on hei tnend's heart 
rate To condin t this study. sh( could combine the procedures 
listed below in a number ofwa\s. Which of the loin step plans 
listed below would be the best approach 0 

' I Have friend sit lot 5 minutes 

II Measuie pulse rate of friend 

III Have friend run in place for 2 minutes 



Whu \ of these questions would be flu* easiest to answer with 
expei indentation 0 

(A) What are the effects of hormones on living organisms' 5 

(B) What aie the 1 effects of adrenalin on toads 9 

*(C) Ooes the injection of adrenalin into the muscles of an adult 
toad cause" a teniperatuie change m t lie* animal 9 
(D) Does the injection of adrenalin have ,in c flee t on the muscles 
of living organisms 0 

Whu h one of the 1 following h\ pulhcsi s c one c mini* leukc mia w ould 
be the simplest to test scientifically 0 

(A) Uuikcniia m human beings ks caused by radiation 

(B) Uni'.'^inia is the same m all mammals 

*(C) Gamma radiation can cause leukemia m white mice 
(I)) leukemia in humans is caused 1>\ feline leukemia 



*( once t ansuc I s loi multiple c hoie e He ins an indie atrd b\ an 
asterisk (*) 



*(A) I. II, III. and II 

(B) II. III. I, and III 

(C) II. III. I and II 

(D) III. II. I. and II 



Grade Level: 12 
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Winch of the following would be the best procedure to determine 
the minimum concentration of sucrose that a fly will eat aftei it 
has been denied food for two days? 

(A) Start feeding a fly on 1 molar sucrose, then transfer it to 
lower concentrations of sucrose and observe its behavior 

(B) Start feeding a fly distilled water, then transfer it to solutions 
of increasing concentrations of sucrose and observe its 
behavior 

*(C) Surround a fly with niuny sucrose solutions of different 

concentrations and observe its behavior 
(D) Dilute the sucrose while a fly is feeding and notice the 
concentration at which it stops feeding. 



Which of the following is ( losest to voui height 

(A) 10 inches 

(13) 5 ' enn meters 
*(C) 1 metei 
(DJ 1 kilometer 

A battery produces ele( tiu al energy primarily clue to 

*(A) chemical changes 

(B) eneigy from the sun 

(C) changes in temperature 

(D) wires connected in a eucuit 

The average room tempeiatuie in most buildings is closest to 
whit h <A the following^ 

(Ai 0 Celsius 

*(Bi 20 Celsius 

K 30 Celsius 

(Hi 70 Celsius 



*Cone< t answei s for multiple i Iiok e items aw mdi( an d In ,m 
asterisk {*) 



PHYSICAL SCIENCES 



Thinking Skill: 

Knowing Science 



Grade Level: 4 




Grade Level: 8 

An object (hat is accelerating has which of the following 
characteristics? 

(A) Volume that is expanding 
*(B) Velocity that is changing 

(C) Direction of motion that is changing 

(D) Temperature that is deci easing 

Which of the following is sure to occur tu light striking the surface 
of a transparent object at an angle other than 90 n 

*(A) The path of the light is bent 

(B) Most of the light is absorbed. 

(C) The light is reflected 180 . 

(D) The frequency of the light changes 

Which ol the following is a lonect statement ab"ut evaporation 
and boiling of water'? 

(A) Evaporation occurs at temperatures lnghe^ than 100 Celsius 
but boiling c an occur at all temp^ratmes 
•(B) At a certain pressure, evaporation can occur at mam 

different tempeiatuies. but at a constant pressure, boiling 
usually occurs at a definite tcmperatuie 

(C) Boiling can only take plan* in a closed coniumei but evapora- 
tion can only take place in open containers 

(D) Evaporation can only occur (roin a boiling liquid 



Grade Level: 12 

Which of the following atomic properties inc leases as one pro 
eeeds down a family of the periodic table 0 

I Atomic radii of the atom 
II, Electronegativity of the atom 
HI Nonmetallic character ol the atom 

*(A) I only 
IB) U onlv 
(C) III only 
(I)) 1 and il only 
(K) I. II and HI 



*( out c t ansueis foi multiple t lion e items ,u« indn ated bv an 
astensk (*) 
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Thinking Skill: 

Solving Problems 



Grade Level. 4 



Batten. 



-D 



It \ 



(A. B. C, O. and X represent light bulbs ) 

In the i in ml shown abo\e lii^ht bulb X \m11 uo out uhen uhich ol 
the following huht bull)s is remmed hoin its soc ket 9 

(A) A 

(B) B 
(CI C 



*( (jueet ariswei s loi multiple ( hone items m< mdi< aJ< d b\ an 
astensk (*) 



9 
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Grade Lewi. 8 



In an experiment, a student tills ,i graduated t Winder with \anous 
levels of wutei Foi eat h Ie\el the total mass ol the watei and the 
cylinder is meastued The student th< n plots a i>raph of the total 
mass in grains ol the t \ limit i and water \ersus the \olume ol the 
water m milliliters Assuming tin measurements and grciph <irr 
(orreet. whit h graph shows the results ol the experiment'^ 



i\> ! •(»■ • 

oi C\ hntJer ' • ot ( \ Siiuier 

Water • V\atu 



\ olunic (ml i nl V\ a'er \ ultimo (nil) ot Water 

in ihi ( \ limler in 'he (_ > I wider 



d)> 



M.iNMi:) Mass on 

ut < vlniJcr • • • • ot ( \ luult r 



Y\«ikr W.itw 



0 \ ulume (mil ot Water 
in ilit t \liiUM m iht' ( vluukr 



-Crude Lewi. 12 



Assume that \ou hnd \ourself in a stiaum unaimiui\ woild whtit 
the maximum numbei ol atomic suble\el oibauls in an enci£\ 
le\el (i e . lor am print ipal quantum numbei) is as follows one s 
tu p andtlutt d All othei atonut piopei tics air the same as the 
atoms in oui woild In this slianm 1 world, what is the formula loi 
a binan tonipound fount d b\ t oijibunnu element A with ') 
electrons ant) element B with 1 2 elet tions ' 

(A) AH 
MB) A, I J 
K ) AH 
ID) A H 
IK) AH 



•( out 1 1 ,'iiswi is hi! uiultiplf <1imh( mnis, in indit ,m d |>\ an 
astensk (*) 
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Thinking Skill: 

Conducting Inquiries 



Grade Level: 4 

Paul is trying a new recipe lor making < ookies and wondc rs what 
vanilla would add to the flavoi ul the cookies What would be the 
best way lor Paul to test this? 

*(A) Make some cookies with vanilla and some u it boat then taste 
both kinds 

(B) Leave out some of the sugar so he can taste the vanilla better 

(C) U*ave out the vanilla and then taste the cookies 

(D) \Uwv a friend taste a cookie 



Grade Lex el. 8 

As a (ancIU burns it loses weight 11 vou wanted to lind out mote 
about this weight loss whic h of the lullowmn cjut stions would vou 
ask'' 

(A) How big is the ( andle * 

(B) How large and how hot is the flame''' 

(C) How long will a candle bum without owgen'* 

*{D) How muc b does the c andle vw iu.li befon and «dtei H has bee n 
burning lot 2 minutes'* 



A student bt'tigs Ins flon Wine lu st< i to m iciik c lass mi that the 
( hiss (an c ouduc t «in e\pc nine nt to s<( wluc h of lot 11 dog foods 
Wmchestei pieteis to < at \\ hat Would lx the best w.n to do this 
experiment'* 



*( onec I atisw< t s toi multtpli <!jok< id i:is,iii indu ate d bv an 
ash nsk (*) 
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Grade Ijevel: 12 



An astronaut experiencing "vvemhtlcssness is handed two ulen 
deal looking boxes One of the boxes is hollow and the oiIu ,r is 
completely tilled with <i solid block of lead How can (hi astronaut 
determine which is which*' 

(A) Hold the boxes <»t arm's leni»th. one in each hand 

(B) Use a standard equal aim laboratory balaiu e 
*(C) Try to shake eac h box 

(D) Drop the boxes 

EARTH AND SPACE SCIIiNCES 

Thinking Skill: 

Knowing Sc ience 

Grade Level. 4 — 

Whii h of the lollowinu is an c \amnle ol ( ondc iisatiun in the watei 
cede 1 ' 

(A) Streams flowing min nwrs 
*(H) ('loads forming in the atmosphere 

(C) Puddles disappearmu on a hot da\ 
i'D) Drops ol water tallini* through the an 

Most of the eioMon that o< ( ms on Karth is c a used b\ 

(A) wind 
vvatei 
(( ) earthquakes 

(D) ultraviolet lu»ht 

A wc at he r station icpoits that the n will 1 >e a \ntlliu< st wind 
loda\ rhis mean* that the wind will blow towaid tin 

(A) Noithwc sj 
*(!*) Southeast 
(( ) \oltll< ,ist 
(I)) Sriulhut st 



*( 01 i< < I an-w\< i s loi n mill pit < Iiok < it< m- an iodic at* d h\ an 
astensk I*) 




What is the Sun? 



(A) A black hole 

(B) A comet 

(C) A moon 

(D) A planet 
*(E) A star 



Gravitational attraction m the solar system helps the planets to do 
which of the following - ' 

(A) Rotate on their axes 
(13) Move in straight paths 
*(C) Remain in orbit around the Sun 
(D) Slowly increase the velocities of their orbits 

The warm summer season in the northern hemisphere is caused 
mainly by 

(A) Earth's nearness to the Sun 

(13) solar flares that are more ( ommon between May and August 

(C) changes in prevailing winds across the northern hemisphere 
*(D) the angle at which sunlight strikes the northern hemisphere 

Which of the following is generally lower at the top of a mountain 
than at the base? 

(A) Latitude 
(13) Wind speed 
*{C) Temperature 

(D) Light intensity 

Which ol the following have contributed to the picsciue oi 
thousands of crateis on the surface of the Moon? 

I Meteorite imp.u ts 
II. Volcanic eruptions 
III The lack of atmosphere 

(A) I only 
(H) II »n!v 

(C) I and III onlv 

(D) II and (II onlv 
*(K) I II and III 

*Conc(t answeisfoi multiple < hou c items <tie indicated hv an 
asterisk (*) 



Grade Level: 8 
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Grade Level. 12 



Which of the followmu is the most valid mfoi niation to suppoit the 
ulca that the Karth revolves around the Sun"' 

(A) A solai eclipse 

(B) The cyclic appearanc e ot c omets 
*(C) Parallax of the baekuround stars 

(D) Day ana ruuiit oeent rmi» on Edith 

Whuh ot the loIlo\vint» is the most prc( ise \va\ ot d«itiiii> Laith 
material'* 

(A) Axera^c rate at which the oceans uuiease in sa!init\ 

(13) Axera^e sedimentation late of materials deposited in uatci 

(C) Aw rage sedimentation late of matcnals deposited b\ wind 
*(D) A\cr«»i»e ai»e of << rtam eaith matt rials based on iadioacti\e 



*( once t ansvw is lot mnhiplt ( lion t items ,nt indu a!< d In <i«i 
astensK 1*1 



deeav 
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Thinking Skill: 

Solving Problems 



Grade Level: h- - 

The many full moons that occui during a \iai art' caused by tiu 
Sun shining on the Moon \Vhuh of l hi' following slio.vs thr \oi 
rect positions of the Sun Earth, and Moon when \\v siv a lull 
moot/' 




*0>iic( t .mswei s loi multiple ( hou ( itt ins .ht* indu ,ited In <> 
tisioiisk (*) 
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Grade Levels. A and 8 



I he haidness ol a muuMal tan he dcleiimnrd In lompai mu the 
sample to a standaid hardness s< ale A sottei mmeial cannot 
si iat< h d haidei mnieial I sc tlu 1 lumiiii'ss s( ale hclou to ansuei 
I lu* lolhmmu question 





Mineral Hardness Scale 




Least hard 




Most hard 


1 2 


:\ -i r ) () 


7 8 


(.)!< (Apsillll 


I ll( IK 1 lit) lll< U\\ III/ 1/ 


( i i ut'ihmi Di.iii.'Hiti 



Qiuit/ will not s( latt h uhu h ot tht lollowini* materials" 

(A) Gvpsmn 
Cal< He 

in \\\\t 

*{I)} Conmdum 



Grade Level. 8 

It is though l that tin salmiU ol t he hai th s m cans litis iik leased 
ihiou^hout uroh>t>u utiK' Wlmhulili" ku toi s helou touldaiieit 
o< tMii saluiitv 0 

i I he sohibilm oi rot ks 

II I he tounation oi mcltinn i<l i>la< km s 

III I in hui n ii iu oi i art coi s as { lu \, t nUi the Lai th s atmospheie 

(A) I onh 
(HI II nnl\ 
(l I III onh 
•(D) I and II onh 
(U I! and III mik 



*( on et i tinsuci s U >i multiple t linn i ih ins ait indicated In an 
astonsk (*) 
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Grade Level* 12 



Manv kinds of evidciu e have Ik en < ollec ted to suppoit the idea ol 
platelet tonus What is the piopei oidei tiom most ( ouipellmu to 
Ira st compelling of the folhmum tvpes ol intimation in support 
of plate trcionicV 

I Shape ol the ( otitments 

II I ,v ossil matches anoss continents 
HI Magnetic stnps on the ocean iloor 

(A) I, II. and lit 
IB) II. Ill and I 
(C) III I. and II 
*(D) III. II. and i 



Adiabatic ( oolmg results when a mass ol an expands Wine h ol 
the following is a < orrec t statement about the tendent \ lot nun to 
oeeui most tiequenth on the win 'nard side ol mountains" 

(A) It has no lelationship to aciiahahc cooling 
*(B) It is an example ol adiabatic cooling 
(C) It is a cause ol adiabatic cooling 
(O) It is a theor\ ol adiabatu cooling 



Main stientists have npoited that atiuosphtnc ( out entrations ol 
C O, have been steadily m< leasing over the past KJO veais and 
this increase is causing a global iridease m the avuage tempera 
tuie on harth What mcasun merits 01 expeinnents would \ou d<> 
to prove or disprove their In poliosis » 



*( cm (t ansvvcis !,,« multiple c Iiok < items an- indicated by an 
asterisk (*} 
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Thinking Skill: 

Conducting Inquiries 



Grade Level. 1 



^ cm live m a town near the \ 11 i>im«i c oast and haw a li u nci who 
lives in a {own 111 1 lie ceutei ol Tennessee 11ns Ineud tells \ou 
th.it it's coluei in his ana in tlic middle ol vwnU i th.in it is in vour 
aiea because land cools faster than v^ at t 1 Hem would veni design 
tin expeiunent to test \<>ui lured s statement y 



Planet X is a planet similai in si/t to Kaith I\w> 5 pound ioc k 
samples were ( ollet ted ti oin vvuk K sepai ate d points o;. Plane! X 
and when the samples weie auah/ed the\ turned out to be the 
same rock t\pe Based upon this uiloi malion which ol tin lollovv 
mi; is the most valid c cjik lusiun u narclmi; (he ov eiall suiKu c- ku k 
type on Planet X J 

(A) Fhe smi Ku e ol Planet X has a umloim lock tvpc 
(H) {'lie an tac e ol Planet X has dilieienl icuktvpcs 
(( ) llu sulfate ot Pkmet X is pi miai lh c ompost d ol i>iamle and 
(juait/ 

*(!)) "1 lie data an msulhc lent to chaw a i otic lusion about overall 
siulaee ioek t\pe 

All ot the lolluvwuii proc t ^sc s hav piovidt d tunc h inloimalion 
about the deep inteiioi ot the Kuith KX( KIM 

*(A) oil > M rlt illini* 

(H) anal\/ini» meteontes that tall to Kaith 
((') seismic waves tiavelmt* llnouiji K.utn 

(I) ) mnunetii field chant*' s on ICcii tli 



Tout c t ansui is tin mi illt pi- i I'iik ( n< ins an* mdic ah d In an 



Grade 1 Level. 8 
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Grade Levels: 8. 12 

Janet wants to in\estit»nte wliethei the lien>ht ol adult males in 
tins (oimm l M s mc leased durum the 20tli centun Ot the lol 
lowing, wlneh would be the best muikc ol intonnation ' 

*(A) EnliMment statistic s lot the Armed I'oices hoin Woikl \\ <i i I 

through the Vietnam War 
(B) 'ihe recorded he.i>hts ol Janet's lathei at wuious a^es hum 

his hii th to the present 
(0) A book thai examines dietar\ < halites m the tinted States 

(lining die p,\ a i entun 
(D) Janet s paient rnollec Hons about tin heights ol tin a lathris 

and ^randtatheis 
(K) The dates that the hist kmy and qui en si/e inattn ssi s ueie 

manulaeuued in this eountn 



Grade Level: 12 

Wind] ol tlu following pnxeduies would best demonstiah dew 
point 0 

(A) Measuring the rate at whirl i a i>i\rn amount ol watei evapo 
rates Iroin a dish 

(B) Measuring the amount ot heat requued to melt 1 <ii<Mi of u e 
*{C) Dei leasing the wati i trinpeiatuie msule a uia^s until watei 

droplets condense on the outside 
(D) Usmu a slin^ pswhiometei to determine th< ieiati\e hiuuidiu 
ol the an 

(K) Noting the outsiile ti mpi latun at whu h i ond< nsntion tonus 
on a t^ldss 



Tom 1 1 ausut i s ioi mi ill ip]i < b<m t iN in > ,tn md'< at< <! b\ .to 
<isiensk (*) 
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